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(54) AIR BALANCE DEVICE

(57) A pressure regulating valve (20) for adjusting a
pressure of a supply/discharge passage (10) to a pres-
sure balanced against a weight of a body to be carried
(1) is provided. The supply/discharge passage (10) is
connected to a working chamber (8) of a cylinder (2) for
raising and lowering the body to be carried (1). A control
valve (38) for increasing and decreasing a pressure in
a control passage (28) in accordance with a balance be-
tween the weight of the body to be carried (1) and a
working force in a reaction force chamber (42) to which
a pilot pressure is introduced from the control passage
(28) is also provided. The pressure regulating valve (20)
comprises a pressure regulating chamber (26) connect-
ed to the control passage (28) via an opening/closing
valve (48), a pilot chamber (30) to which the pilot pres-
sure from the control passage (28) is constantly intro-
duced, and a control chamber (32) to which a pilot pres-
sure from the supply/discharge passage (10), and it ad-
justs the pressure of the supply/discharge passage (10)
to the pressure balanced against the weight of the body
to be carried (1) by balancing a working force in the pres-
sure regulating chamber (26) with working forces in the
pilot chamber (30) and the control chamber (32).
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates to an air balancing de-
vice for hanging a body to be carried by balancing a load
of the body to be carried against a supply pressure to a
cylinder.

BACKGROUND OF THE INVENTION

[0002] Conventionally, as shown in the Unexamined
Japanese Patent Publication No. 10-30609, an air bal-
ancing device is known in which a load of a body to be
carried operates on a reaction force chamber partitioned
by a diaphragm. Based on a pressure variance in a pres-
sure chamber owing to a variance of the load, a main
valve of the air balancing device is switched so that com-
pressed air is supplied to a working chamber of a cylin-
der from a pressure source, or the working chamber is
opened to the atmosphere, to control the pressure in the
working chamber. Then, by balancing the load of the
body to be carried with a working force in the cylinder,
the body to be carried is hung.

[0003] However, in such a conventional device, the
main valve does not open or close unless the volume of
the working chamber is increased or decreased by over-
coming sliding resistance of packing of the cylinder to
slide a piston when the body to be carried is raised or
lowered. Therefore, the operation for raising and lower-
ing the body to be carried is heavy and difficult to be
performed.

SUMMARY OF THE INVENTION

[0004] One object of the present invention is to pro-
vide an air balancing device which is easy to operate.
[0005] In order to attain the above object, the present
invention provides an air balancing device for balancing
a working force of a piston of a cylinder with a weight of
a body to be carried, comprising a pressure regulating
valve for adjusting a pressure in a supply/discharge pas-
sage to a pressure balanced against the weight of the
body to be carried, the supply/discharge passage being
connected to a working chamber of the cylinder for rais-
ing and lowering the body to be carried, the air balancing
device further comprising

a control valve for increasing and decreasing a
pressure in a control passage in accordance with a bal-
ance between the weight of the body to be carried and
a working force in a reaction force chamber to which a
pilot pressure is introduced from the control passage,

the pressure regulating valve comprising a pres-
sure regulating chamber connected to the control pas-
sage via an opening/closing valve, a pilot chamber to
which the pilot pressure from the control passage is con-
stantly introduced, and a control chamber to which a pi-
lot pressure from the supply/discharge passage is intro-
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duced, the pressure in the supply/discharge passage
being adjusted to a pressure balanced against the
weight of the body to be carried in accordance with a
balance between a working force in the pressure regu-
lating chamber and working forces in the pilot chamber
and the control chamber.

[0006] The air balancing device may further comprise
a leverage member rockably supported, to which the
cylinder hanging the body to be carried is attached,
wherein the pressure in said control passage is in-
creased and decreased by bringing the working force in
said reaction force chamber to operate on the leverage
member to a direction counteracting the weight of the
body to be carried, and also by opening and closing said
control valve as a result of a rock of the leverage mem-
ber. The air balancing device may further comprise a
biasing member which is balanced with the weight of the
cylinder.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1is a diagrammatic representation of an air bal-
ancing device of an embodiment of the present in-
vention;

Figs. 2A and 2B are explanatory diagrams showing
a specific constitution of a pressure regulating valve
of the first embodiment;

Figs. 3A and 3B are explanatory diagrams showing
a specific constitution of a pressure regulating valve
of the second embodiment;

Figs. 4A and 4B are explanatory diagrams showing
a specific constitution of a pressure regulating valve
of the third embodiment;

Figs. 5A and 5B are explanatory diagrams showing
a specific constitution of a pressure regulating valve
of the fourth embodiment;

Figs. 6A and 6B are explanatory diagrams of a con-
trol valve of another embodiment;

Fig. 7 is a diagrammatic representation of an air bal-
ancing device comprising a lever member of anoth-
er embodiment;

Fig. 8 is a diagrammatic representation of an air bal-
ancing device comprising a speed increasing mech-
anism of another embodiment;

Fig. 9is a diagrammatic representation of an air bal-
ancing device comprising a cylinder fixed thereto of
another embodiment;

Fig. 10 is a diagrammatic representation of an air
balancing device comprising a cylinder fixed thereto
and a lever member of another embodiment;

Fig. 11 is a diagrammatic representation of a rele-
vant part of an air balancing device comprising a
weight pressure converter of another embodiment;
Fig. 12 is a diagrammatic representation of a rele-
vant part of an air balancing device comprising a
horizontally arranged cylinder of another embodi-
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ment; and

Fig. 13 is a diagrammatic representation of a rele-
vant part of an air balancing device comprising a
horizontally arranged cylinder and pulleys of anoth-
er embodiment;

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0008] The invention will now be described, by way of
example, with reference to the accompanying drawings.
[0009] As shown in Fig. 1, a reference number 1 de-
notes a body to be carried, which is hung from a cylinder
2. A piston 6 is slidably inserted to a cylinder tube 4 of
the cylinder 2. As compressed air is supplied to a work-
ing chamber 8 formed by the cylinder tube 4 and the
piston 6, a working force which raises the piston 6 is
generated.

[0010] A supply/discharge passage 10 is connected
to the working chamber 8, and a switching valve for as-
cent 12 and a switching valve for descent 14 are ar-
ranged on the supply/discharge passage 10. The
switching valve for ascent 12 is provided with a commu-
nicating position 12a for communicating the supply/dis-
charge passage 10 through, and an ascent position 12b
for supplying the compressed air to the working cham-
ber 8 via a variable throttle 16. The switching valve for
descent 14 is provided with a communicating position
14a for communicating the supply/discharge passage
10 through, and a descent position 14b for releasing the
compressed air to the atmosphere from the working
chamber 8 via a variable throttle 18.

[0011] The other end of the supply/discharge pas-
sage 10 is connected to a pressure regulating valve 20,
and the pressure regulating valve 20 is provided with an
open position 20a for opening the supply/discharge pas-
sage 10 to the atmosphere, a hold position 20b for in-
terrupting the supply/discharge passage 10, and a sup-
ply position 20c for connecting a high pressure passage
24 on which a check valve 22 is arranged to the supply/
discharge passage 10.

[0012] The pressure regulating valve 20 can be
switched by introduction of a pilot pressure. In the
present embodiment, the pressure valve 20 is urged into
the supply position 20c by a working force generated as
aresult of introduction of a pilot pressure p from a control
passage 28 to a pressure regulating chamber 26 of
which pressure receiving area is equal to X (= Y + 2).
On the other hand, the pressure valve 20 is urged into
the open position 20a by a working force generated as
a result of introduction of the pilot pressure p from the
control passage 28 to a pilot chamber 30 of which pres-
sure receiving area is equal to Y and by a working force
generated as a result of introduction of a pilot pressure
P via a bypass passage 34 from the supply/discharge
passage 10 to a control chamber 32 of which pressure
receiving area is equal to Z.

[0013] The cylinder tube 4 is supported by a weight
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pneumatic converter 36. The weight pneumatic convert-
er 36 comprises a control valve 38. The control valve 38
is provided with a closed valve position 38a for interrup-
tion between the high pressure passage 24 and the con-
trol passage 28, and an open valve position 38b for com-
munication between the high pressure passage 24 and
the control passage 28. The control valve 38 varies its
opening range consecutively upon being switched from
the closed valve position 38a to the open valve position
38.

[0014] The control valve 38 is urged into the open
valve position 38b by the weight applied via the cylinder
tube 4, and it is urged into the closed position 38a by
biasing means such as a spring and a working force
generated as a result of introduction of the pilot pressure
p via a feedback passage 44 from the control passage
28 to a reaction pressure chamber 42 of which pressure
receiving area is equal to B.

[0015] The control passage 28 is communicated with
the atmosphere via a throttle valve 46, and a pilot open-
ing/closing valve 48 is arranged on the control passage
28 so that it can interrupt introduction of the pilot pres-
sure p to the pressure regulating chamber 26. An air
tank 50 is connected so that it is communicated with the
pressure regulating chamber 26 via the control passage
28.

[0016] From now on, a first embodiment showing a
specific constitution of the aforementioned pressure
regulating valve 20 is explained by way of Figs. 2A and
2B. Fig. 2A shows the pressure regulating valve 20 in
JIS code, and Fig. 2B is a cross sectional view showing
the specific constitution. Figs. 3A-5B are illustrated in
the same manner.

[0017] A valve body 51 of the pressure regulating
valve 20 comprises a supply/discharge chamber 52, an
air supply chamber 54, and an air discharge chamber
56. The supply/discharge passage 10 is connected to
the supply/discharge chamber 52 of the pressure regu-
lating valve 20, and the supply/discharge chamber 52 is
communicated with the air supply chamber 54, which is
connected to the high pressure passage 24.

[0018] The supply/discharge chamber 52 and the air
supply chamber 54 can be communicated or interrupted
by a slidably supported air supply valve element 58. The
air discharge chamber 56 which is open to the atmos-
phere is communicated with the supply/discharge
chamber 52, and the supply/discharge chamber 52 and
the air discharge chamber 56 are communicated or in-
terrupted by a slidably supported air discharge valve el-
ement 60.

[0019] A small hollow 62 is formed inside the valve
body 51. The small hollow 62 is partitioned by a dia-
phragm 64, and a control chamber 32 is formed on one
side of the diaphragm 64. The control chamber 32 is
communicated with the supply/discharge chamber 52
via the bypass passage 34. A stem 66 which penetrates
the air discharge valve element 60 is connected to the
diaphragm 64 so that a pressure receiving area of the
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diaphragm 64 of the control chamber 32 is equal to Z.
[0020] A large hollow 67 is formed inside the valve
body 51. The large hollow 67 is partitioned by a pair of
first and second diaphragms 68, 70. A pressure regu-
lating chamber 26 and a pilot chamber 30 are respec-
tively formed on either side of the first and second dia-
phragms 68, 70.

[0021] The first diaphragm 68 is provided so that the
pressure receiving area is equal to X, and the second
diaphragm 70 is provided so that the pressure receiving
areais equal to Y. In the present embodiment, the pres-
sure receiving area X is larger than the pressure receiv-
ing area Y, and the pressure receiving area Y is larger
than the pressure receiving area Z of the control cham-
ber 32 (X > Y > Z). The pressure receiving area X is
defined to be equal to a sum of the pressure receiving
area Y and the pressure receiving area Z (X =Y + Z).
The proportion between the pressure receiving areas X,
Y and Z is not limited to the aforesaid proportion. It may
be determined according to levels of fluid pressure in-
troduced to the pressure regulating chamber 26, pilot
chamber 30 and control chamber 32.

[0022] Asthe pilot pressure p introduced to the control
chamber 32 from the supply/discharge passage 10 via
the bypass passage 34 is applied to the diaphragm 64
having the pressure receiving area Z, the discharge
valve element 60 is slid via the stem 66, and the supply/
discharge chamber 52 and the air discharge chamber
56 are communicated.

[0023] A tip of the stem 66 is in contact with the first
and second diaphragms 68, 70. As the pilot pressure p
introduced to the pilot chamber 30 from the control pas-
sage 28 is applied to the second diaphragm 70 having
the pressure receiving area Y, the discharge valve ele-
ment 60 is slid via the stem 66, and the supply/discharge
chamber 52 and the air discharge chamber 56 are com-
municated. On the other hand, as the pilot pressure p
introduced to the regulating chamber 26 from the control
passage 28 is applied to the first diaphragm 68, the air
supply valve element 58 is slid via the stem 66, and the
supply/discharge chamber 52 and the air supply cham-
ber 54 are communicated.

[0024] Accordingly, when working forces in the control
chamber 32 and the pilot chamber 30 surpass a working
force in the pressure regulating chamber 26, the pres-
sure regulating valve 20 is urged into the open position
20a, and when the working force in the pressure regu-
lating chamber 26 surpasses the working forces in the
control chamber 32 and the pilot chamber 30, the pres-
sure regulating valve 20 is urged into the supply position
20c. When the working forces to both directions are
evenly balanced, the pressure regulating valve 20 takes
the hold position 20b.

[0025] An operation of the aforementioned air balanc-
ing device of the present embodiment is explained here-
after.

[0026] Firstly, under the condition that the body to be
carried 1 is not hung, a biasing force of a biasing mem-
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ber 40 of the weight pneumatic converter 36 is adjusted
so that, by a balance between a working force based on
the weight of the cylinder 2 and the biasing force of the
biasing member 40, the control valve 38 is urged into
the closed valve position 38a, and, when the weight is
increased even a little, the control valve 38 is urged into
the open valve position 38b resulting in that the high
pressure passage 24 and the control passage 28 are
communicated via an opening.

[0027] The weight pneumatic pressure converter 36,
as the weight on the cylinder 2 side is increased, is urged
into the open valve position 38b. As a result, the com-
munication opening between the high pressure passage
24 and the control passage 28 is widened, and the com-
pressed air is released to the atmosphere via a throttle
46. The pilot pressure p in the control passage 28 is in-
creased in proportion to the weight.

[0028] When the switching valve for descent 14 is
switched to the descent position 14b, the compressed
air in the working chamber 8 is released to the atmos-
phere via the supply/discharge passage 10, the switch-
ing valve for descent 14 and the variable throttle 18. The
piston 6 is lowered to hang the body to be carried 1.
Then, while the switching valve for descent 14 is
switched to the communication position 14a, the switch-
ing valve for ascent 12 is switched to the ascent position
12b.

[0029] As a result, the compressed air is supplied to
the working chamber 8 via the variable throttle 16, the
switching valve for ascent 12 and the supply/discharge
passage 10. Thereby, the body to be carried 1 is raised
along with the piston 6. After the body to be carried 1 is
raised to a predetermined height, the switching valve for
ascent 12 is switched to the communication position
12a.

[0030] As a weight W of the body to be carried 1 is
applied to the weight pneumatic pressure converter 36,
the control valve 38 is switched to the open valve posi-
tion 38b, and the pilot pressure p in the control passage
28 is increased. The control valve 38 is switched to a
position of balance between the weight W of the body
to be carried 1 and a sum of the biasing force of the
biasing member 40 and the working force of the pilot
pressure p introduced to the reaction force chamber 42
having the pressure receiving area B. At this point, a
relation between the weight W, the pilot pressure p and
the pressure receiving area B is represented by an
equation: p X B=W.

[0031] Furthermore, a pilot opening/closing valve 48
is opened so that the pilot pressure p in the control pas-
sage 28 is introduced to the pressure regulating cham-
ber 26. The pilot pressure p in the control passage 28
is also introduced in the pilot chamber 30. The pilot pres-
sure P from the supply/discharge passage 10 is intro-
duced to the control chamber 32.

[0032] In the pressure regulating valve 20, the pilot
pressure p from the control passage 28 is introduced to
the pressure regulating chamber 26, and a working
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force to urge the pressure regulating valve 20 to the sup-
ply position 20c is generated. The pilot pressure p from
the control passage 28 is also introduced to the pilot
chamber 30, and a working force to urge the pressure
regulating valve 20 to the open position 20a is generat-
ed. Additionally, the pilot pressure P from the supply/
discharge passage 10 is introduced to the control cham-
ber 32 via the bypass passage 34, and a working force
to urge the pressure regulating valve 20 to the open po-
sition 20a is generated.

[0033] There is a relation which can be defined by an
equation X =Y + Z between the receiving areas X, Y
and Z respectively of the pressure regulating chamber
26, the pilot chamber 30 and the control chamber 32.
When the body to be carried 1 is balanced with the cyl-
inder 2, a relational expression P X A=W is established
where A is the pressure receiving area of the piston 6
and P is a pressure of the supply/discharge passage 10.
If the pressure receiving area B of the reaction force
chamber 42 is as large as the pressure receiving area
A of the piston 6, the pilot pressure p in the control pas-
sage 28 and the pressure P in the supply/discharge pas-
sage 10 are equal to each other when the body to be
carried is balanced with the cylinder 2.

[0034] In case that the pressure P in the supply/dis-
charge passage 10 is lower than the pressure which is
balanced with the body to be carried 1, the pressure reg-
ulating valve 20 is switched to the supply position 20c
so that the compressed air is supplied to the working
chamber 8 via the supply/discharge passage 10 from
the high pressure passage 24. In case that the pressure
P in the supply/discharge passage 10 is higher than the
pressure which is balanced with the body to be carried
1, the pressure regulating valve 20 is switched to the
open position 20a so that the compressed airis released
to the atmosphere via the supply/discharge passage 10
from the working chamber 8.

[0035] When the pilot pressure p in the control pas-
sage 28 is equal to the pressure P in the supply/dis-
charge passage 10, the working force in the pressure
regulating chamber 26 is balanced with a sum of the
working forces in the pilot chamber 30 and the control
chamber 32, and the pressure regulating valve 20 is
switched to the hold position 20b. When the pilot open-
ing/closing valve 48 is closed under this condition, the
pilot pressure p at the point is accumulated in the pres-
sure regulating chamber 26 and the air tank 50.

[0036] Asthe body tobe carried 1 is raised, the weight
applied to the control valve 38 is decreased so that the
control valve 38 is switched to the closed valve position
38a. Thereby, the compressed air is released to the at-
mosphere via the throttle 46 from the control passage
28, and the pilot pressure p in the control passage 28 is
decreased. The pilot pressure p introduced to the pilot
chamber 30 is also decreased, and the pressure regu-
lating valve 20 is switched to the supply position 20c¢ so
that the high pressure passage 24 and the supply/dis-
charge passage 10 are communicated. The com-
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pressed air is supplied to the working chamber 8 via the
supply/discharge passage 10, and raising the body to
be carried 1 is assisted..

[0037] When the body to be carried 1 is stopped to be
raised, the weight W of the body to be carried 1 is applied
to the control valve 38 so that the control valve 38 is
switched to the open valve position 38b. Thereby, the
compressed air is supplied to the control passage 28
from the high pressure passage 24, and the pilot pres-
sure p is increased. In the control valve 38, this pilot
pressure p is introduced to the reaction force chamber
42, and the opening of the control valve 38 is determined
according to the point where the weight W of the body
to be carried 1 is balanced with a sum of the biasing
force of the biasing member 40 and the working force
in the reaction force chamber 42.

[0038] The pressure regulating valve 20 is switched
to the open position 20a as the pilot pressure p intro-
duced to the pilot chamber 30 is increased. As a result,
the compressed air is released to the atmosphere from
the supply/discharge passage 10. As the working force
in the pressure regulating chamber 26 having the accu-
mulated pilot pressure p is balanced with a sum of the
working forces in the pilot chamber 30 and in the control
chamber 32, the pressure regulating valve 20 is
switched to the hold position 20b, resulting in that the
working force in the working chamber 8 is balanced with
the weight W of the body to be carried 1.

[0039] As the body to be carried 1 is pushed down,
the control valve 38 is switched to the open valve posi-
tion 38b. As a result, the compressed air is supplied to
the control passage 28 from the high pressure passage
24, and the pilot pressure p is increased. This pilot pres-
sure p is introduced to the pilot chamber 30 so that the
pressure regulating valve 20 is switched to the open po-
sition 20a. The working chamber 8 is communicated
with the atmosphere via the supply/discharge passage
10, and the compressed air is released. The pressure
inside the working chamber 8 is declined, and the body
to be carried 1 is lowered due to its own weight.
[0040] As the body to be carried 1 is stopped to be
lowered, the weight applied is decreased. As a result,
the control valve 38 is switched to the closed valve po-
sition 38a, and the pilot pressure p of the control pas-
sage 28 is decreased. In the control valve 38, this pilot
pressure p is introduced to the reaction force chamber
42, and the opening of the control valve 38 is determined
according to the point where the weight W of the body
to be carried 1 is balanced with a sum of the biasing
force of the biasing member 40 and the working force
in the reaction force chamber 42.

[0041] As the working force in the pilot chamber 30 to
which this pilot pressure p is introduced is decreased,
the pressure regulating valve 20 is switched to the sup-
ply position 20c. As a result, the compressed air is sup-
plied to the working chamber 8 via the supply/discharge
passage 10 from the high pressure passage 24. When
a sum of the working forces in the pilot chamber 30 to
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which the pilot pressure p is introduced and in the control
chamber 32 is balanced with the working force in the
pressure regulating chamber 26, the pressure regulat-
ing valve 20 is switched to the hold position 20b and the
body to be carried 1 is retained.

[0042] As above explained, in the aforementioned air
balancing device, in order to assist in raising and lower-
ing the body to be carried 1, the compressed air is trans-
formed into the pilot pressure p in the control passage
28 by the control valve 38 and the throttle 46, and then
the pressure regulating valve 20 is switched so that the
pilot pressure p in the control passage 28 is transformed
into the same pressure with high flow volume in the sup-
ply/discharge passage 10. Accordingly, it is possible to
operate the body to be carried 1 without being affected
by sliding resistance of the packing etc. of the piston 6.
[0043] Now, a pressure regulating valve 80 of the sec-
ond embodiment which is different from the pressure
regulating valve 20 of the aforementioned first embodi-
ment is explained by way of Figs. 3A and 3B. The same
components with those in the aforementioned first em-
bodiment are represented using the same reference
numbers and the detailed descriptions thereof are omit-
ted. The same conditions apply to the other figures.
[0044] The pressure regulating valve 80 in the second
embodiment partitions the small hollow 62 into the con-
trol chamber 32 and a second pressure regulating
chamber 82 by means of the diaphragm 64. The control
chamber 32 and the second pressure regulating cham-
ber 82 have the same-sized receiving area Z. At the
same time, the pressure regulating valve 80 partitions
the large hollow 67 into a first pressure regulating cham-
ber 86 and a pilot chamber 88. The first pressure regu-
lating chamber 86 and the pilot chamber 88 have the
same-sized receiving area Y. The first pressure regulat-
ing chamber 86 and the second pressure regulating
chamber 82 are communicated via a connection pas-
sage 90. The pressure regulating valve 80 in the second
embodiment operates in the same manner as the pres-
sure regulating valve 20 in the first embodiment.
[0045] A pressureregulating valve 100 in the third em-
bodiment is explained by way of Figs. 4A and 4B.
[0046] A valve body 101 of the pressure regulating
valve 100 comprises a spool 102 slidably supported
thereto. According to the sliding of the spool 102, con-
nection and disconnection between the supply/dis-
charge passage 10 and the high pressure passage 24,
and also between the supply/discharge passage 10 and
the atmosphere are performed.

[0047] Inthe ends of the spool 102, a control chamber
104 and a second pressure regulating chamber 106 are
respectively formed. According to a pilot pressure intro-
duced to the control chamber 104 and the second pres-
sure regulating chamber 106, a working force for sliding
the spool 102 is generated. The control chamber 104
and the second pressure regulating chamber 106 are
respectively formed to have the pressure receiving area
Z.
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[0048] The controlchamber 104 and the second pres-
sure regulating chamber 106 contain coiled springs 108,
110, respectively. The coiled springs 108 and 110 bias
the spool 102 from both sides so that the spool 110 is
adapted to a hold position which will be explained later.
The coiled springs 108 and 110 are not necessarily pro-
vided.

[0049] A large hollow 112 is formed in the valve body
101. The large hollow 112 is partitioned by a diaphragm
114, and a first pressure regulating chamber 116 and a
pilot chamber 118 are formed on the respective sides of
the diaphragm 114. The spool 102 is slid by a pilot pres-
sure introduced to the first pressure regulating chamber
116 and the pilot chamber 118 via a stem.

[0050] The first pressure regulating chamber 116 and
the pilot chamber 118 have the same pressure receiving
area Y. The control passage 28 is connected via the pilot
opening/closing valve 48 to the first pressure regulating
chamber 116, to which the second pressure regulating
chamber 106 is connected via a communication pas-
sage 120. The control passage 28 between the pilot
opening/closing valve 48 and the control valve 38 is con-
nected to the pilot chamber 118. The control chamber
104 is connected to the supply/discharge passage 10
via the bypass passage 34.

[0051] Inthe pressure regulating valve 100 of the third
embodiment as well, the pressure regulating valve 100
is switched to the supply position 100a by the accumu-
lated pilot pressure p from the control passage 28 intro-
duced to the first pressure regulating chamber 116 and
the second pressure regulating chamber 106. Further-
more, the pressure regulating valve 100 is switched to
the discharge position 110c by the pilot pressure P from
the supply/discharge passage 10 introduced to the con-
trol chamber 104 and by the pilot pressure p from the
control passage 28 introduced to the pilot chamber 118.
When both working forces are balanced, the pressure
regulating valve 100 is switched to the hold position
100b.

[0052] A pressure regulating valve 130 of the fourth
embodiment is hereafter explained by way of Figs. 5A
and 5B.

[0053] The pressure regulating valve 130 is a so-
called high relief pressure reducing valve. A valve ele-
ment 132 is slidably supported to a valve body 131. The
valve element 132 can perform disconnection and con-
nection between the high pressure passage 24 and the
supply/discharge passage 10 by sitting to and being
away from a valve seat 134 formed in the valve body
131. The valve body 132 is biased to sit on the valve
seat 134 by coiled springs 136.

[0054] A small hollow 138 is formed in the valve body
131. The small hollow 138 is partitioned by a diaphragm
140 and a control chamber 142 is formed on one side
of diaphragm 140. A tip of the valve element 132
projects into the control chamber 142, and a rear end of
the valve element 132 projects to the outside of the valve
body 131.
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[0055] A discharge hole 144 is piercingly formed
through the valve element 132 to the axial direction. The
discharge hole 144 enables the control chamber 142 to
be communicated with the atmosphere. The tip of the
valve element 132 is in contact with the diaphragm 140
so that the discharge hole 144 can be closed and
opened. The pressure receiving area of the diaphragm
140 in the control chamber 142 is Z.

[0056] A large hollow 146 is formed in the valve body
131. The large hollow 146 is partitioned by a pair of first
and second diaphragms 148 and 150. There are a pres-
sure regulating chamber 152 and a pilot chamber 154
on the respective sides of the first and second dia-
phragms 148, 150.

[0057] The pressure receiving area of the first dia-
phragm 148 is X (=Y + Z). The pressure receiving area
of the second diaphragm 150 is Y. The relation between
each of the pressure receiving areas X, Y and Z is the
same as in the pressure regulating valve 20 of the first
embodiment.

[0058] The pressure regulating chamber 152 is con-
nected to the control passage 28. The pressure regulat-
ing chamber 152 is connected to and disconnected from
the control passage 28 by opening/closing of the pilot
opening/closing valve 48. The pilot chamber 154 is con-
nected to the control passage 28 between the pilot
opening/closing valve 48 and the control valve 38. The
control chamber 142 is connected to the supply/dis-
charge passage 10 via a bypass passage 156.

[0059] In the pressure regulating valve 130 of the
fourth embodiment as well, the pressure regulating
valve 130 is operated by the pilot pressure p introduced
to the pressure regulating chamber 152, so that the high
pressure passage 24 and the supply/discharge passage
10 are communicated. The pressure regulating valve
130 is also operated by the pilot pressure p introduced
to the pilot chamber 154 and the pilot pressure P intro-
duced to the control chamber 142, so that the supply/
discharge passage 10 is communicated with the atmos-
phere.

[0060] Now, another embodiment of the aforemen-
tioned weight pneumatic converter 36 is explained by
way of Figs. 6A and 6B.

[0061] The weight pneumatic converter 36 may not
comprise the aforementioned control valve 38, but a
control valve 160 as shown in Fig. 6A. The control valve
160 is provided with an open valve position 160a for
opening the control passage 28 to the atmosphere and
a closed valve position 160b for interrupting the control
passage 28.

[0062] The weight applied to the control valve 160 via
the cylinder 2 urges the control valve 160 to the closed
valve position 160b, and a biasing force of a biasing
member 162 and a working force of the pilot pressure
P introduced from the control passage 28 to a reaction
force chamber 164 via a feedback passage 166 urge
the control valve 160 to the open valve position 160a.
The high pressure passage 24 is connected to the con-
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trol passage 28 via a throttle 168.

[0063] The control valve 160, as the weight is in-
creased, is switched to the closed valve position 160b,
and thereby the compressed air is supplied to the control
passage 28 via the throttle 168 from the high pressure
passage 24. On the other hand, as the weight is de-
creased, the control valve 160 is switched to the open
valve position 160a by the biasing member 162 and the
reaction force chamber 164 so that the control passage
28 is communicated with the atmosphere, thereby de-
creasing the pressure in the control passage 28.
[0064] A control valve 170 as shown in Fig. 6B can be
also used in the weight pneumatic converter 36.
[0065] The control passage 28 and the high pressure
passage 24 are connected to the control valve 170. The
control valve 170 is provided with a discharge position
170a for opening the control passage 28 to the atmos-
phere, a hold position 170b for interrupting the control
passage 28, and a supply position 170c for communi-
cating the control passage 28 with the high pressure
channel 24.

[0066] The weight applied to the control valve 170
urges the control valve 170 to the supply position 170c,
and the pilot pressure p via a feedback passage 174
from the control passage 28 introduced to a reaction
force chamber 172 having the pressure receiving area
B urges the control valve 170 to the discharge position
170a. A biasing member 176 which is balanced with the
weight of the cylinder 2 is provided. Therefore, when the
weight of the body to be carried 1 is balanced with a
working force in the reaction force chamber 172, the
control valve 170 is switched to the hold position 170b.
In this case as well, the pilot pressure p corresponding
to the applied weight is generated in the control passage
28.

[0067] Furthermore, the cylinder 2 may be hung at an
end of a leverage member 202 which is supported rock-
ably around a fulcrum pin 200, as shown in Fig. 7, with-
out having the weight of the cylinder 2 and the body to
be carried 1 be directly applied to the control valve 38.
Aroller 204 may be rotatably supported at the other end
of the leverage member 202 so that the weight of the
cylinder 2 and the body to be carried 1 is applied to the
control valve 38 via the roller 204. In this case, an elon-
gate hole 206 may be formed in the leverage member
202 so that a position of the cylinder 2 to be hung can
be adjusted.

[0068] The distance between the fulcrum pin 200 and
the hanging center of the cylinder 2 is represented by a,
and the distance between the fulcrum pin 200 and the
center of the roller 204 is represented by b. In this case,
the following relation is established between the weight
W of the body to be carried 1 and a working force in the
reaction force chamber 42.

(alb) x W=p x B
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[0069] The pressure receiving area A of the piston 6
is formed so that an equation A = (b / a) X B is estab-
lished. If the pilot pressure p introduced to the reaction
force chamber 42 is equal to the pressure P in the work-
ing chamber 8 (p = P), the weight W is balanced with
the working force in the reaction force chamber 42 when
W = AP. In other words, even if the pressure receiving
area A of the piston 6 is not equal to the pressure re-
ceiving area B in the reaction force chamber 42, detec-
tion of the weight applied is possible.

[0070] As shown in Fig. 8, the air balancing device
may be provided with a speed up mechanism 210. The
speed up mechanism 210 uses a screw mechanism 212
which hangs the body to be carried 1 via a hook 218
attached to a tip of a wire 216 with which a drum 214 is
wound. The cylinder tube 4 is attached to a frame 220
supported to the leverage member 202, and a rod 222
is attached to the drum 214 via a thrust bearing 224. If
L is taken for a lead of the screw and D is taken for a
drum pitch radius, the following equation is established.
When the speed up mechanism 210 is used, accelera-
tion occurs by an operation of the cylinder.

B=(L/ D) X (a/b) X A

[0071] As shown in Fig. 9, the cylinder tube 4 is fixed
to a base, and the valve body 51 of the control valve 38
is fixed to a rod of the cylinder 2 so that the weight of
the body to be carried 1 is applied to the control valve
38 via a hanging member 226. In this manner, it is pos-
sible to raise and lower the control valve 38 along with
the body to be carried 1.

[0072] Asshownin Fig. 10, the leverage member 240
is supported rockably around the fulcrum pin 242. The
rod of the cylinder 2 which has the cylinder tube 4 fixed
to a base is connected to one end of the leverage mem-
ber 240. A supporting member 244 is hangingly support-
ed to the other end of the leverage member 240.
[0073] Inthe supporting member 244, alever member
246 is supported rockably around a fulcrum pin 248. The
body to be carried 1 is hung from one end of the lever
member 246 and the weight pneumatic converter 36 is
arranged at the other end thereof. In the same constitu-
tion, the weight pneumatic converter 36 may be ar-
ranged on the side where raising and lowering of the
body to be carried 1 is performed.

[0074] Inaddition, a weight pressure converter 250 as
shown in Fig. 11 may be used. The weight pressure con-
verter 250 comprises a leverage member 254 supported
rockably around a fulcrum pin 252, and the cylinder 2 is
hangingly supported to the leverage member 254. In the
weight pressure converter 250, the control valve 38, a
reaction force mechanism 252 and the biasing member
40 are separately arranged.

[0075] The reaction force mechanism 252 and the bi-
asing member 40 are provided facing the cylinder 2
across the fulcrum pin 252. The reaction force mecha-
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nism 252 introduces the pilot pressure p from the control
passage 28 to the reaction force chamber 42 via the
feedback passage 44. By the working force in the reac-
tion force chamber 42, a reaction force counteracting
the weight of the body to be carried 1 is generated. The
control valve 38 can be switched to one of the open
valve position 38a and the closed valve position 38b by
a rock of the leverage member 254. In this case as well,
the control valve 38 operates in the same manner as the
aforementioned weight pressure converter 36. In Fig.
11, the control valve 38 is a normal open type, and a
relation between the open valve position 38a and the
closed valve position 38b is in reverse to that of a normal
close type as shown in Fig. 6A.

[0076] If the components are arranged as in Fig. 12,
the air balancing device of the present invention can op-
erate without providing the aforementioned biasing
member 44 to the weight pressure converter 260. In this
case, the cylinder 2 is arranged horizontally, and the cyl-
inder tube 4 is attached to one end of a standing lever-
age member 262. The leverage member 262 is support-
ed rockably around a fulcrum pin 264, and the weight
pressure converter 260 is arranged on the opposite side
to the cylinder tube 4 across the fulcrum pin 264. The
body to be carried 1 is hangingly supported to one end
of a lever member 266 rockably supported, and the rod
of the cylinder 2 is connected to the other end of the
lever member 266. Thereby, the weight of the cylinder
2 is not applied to the weight pressure converter 260,
and the biasing member 44 is not necessary.

[0077] The weight pressure converter 260 does not
require the biasing member 44 even in the arrangement
as shown in Fig. 13. In this case, the cylinder 2 is hori-
zontally arranged, and the cylinder tube 4 is fixed to a
base. A pulley 270 is rotatably supported to the cylinder
tube 4, and a pulley 274 is rotatably supported to a rod
272. The body to be carried 1 is hung from one end of
a rope 276 stretched between the pulleys 270 and 274,
and the other end is tied to one end of a leverage mem-
ber 280 supported rockably around a fulcrum pin 278.
[0078] The weight pressure converter 260 is arranged
at the other end of the leverage member 280. In this
case as well, the weight of the cylinder 2 is not applied
to the weight pressure converter 260, and the biasing
member 44 is not necessary. The following equation is
established in this case.

B=(a/2b) X A

[0079] The present invention should not be limited to
the described embodiments, and other modifications
and variations might be possible without departing from
the scope of the invention.

INDUSTRIAL AVAILABILITY

[0080] As described in details in the above, an air bal-



15 EP 1277 692 A1

ancing device of the present invention is less affected
by sliding resistance of cylinder packing. Therefore, less
force is required for raising and lowering a body to be
carried, and an easy operation is realized.

Claims

1. An air balancing device for balancing a working
force of a piston of a cylinder with a weight of abody 70
to be carried, comprising a pressure regulating
valve for adjusting a pressure in a supply/discharge
passage to a pressure balanced against the weight
of the body to be carried, the supply/discharge pas-
sage being connected to a working chamber of the 75
cylinder for raising and lowering the body to be car-
ried, the air balancing device further comprising

a control valve for increasing and decreasing
a pressure in a control passage in accordance with
a balance between the weight of the body to be car- 20
ried and a working force in a reaction force chamber
to which a pilot pressure is introduced from the con-
trol passage,

the pressure regulating valve comprising a
pressure regulating chamber connected to the con- 25
trol passage via an opening/closing valve, a pilot
chamber to which the pilot pressure from the control
passage is constantly introduced, and a control
chamber to which a pilot pressure from the supply/
discharge passage is introduced, the pressure in 30
the supply/discharge passage being adjusted to a
pressure balanced against the weight of the body
to be carried in accordance with a balance between
a working force in the pressure regulating chamber
and working forces in the pilot chamber and the con- 35
trol chamber.

2. The air balancing device as set forth in claim 1, fur-
ther comprising a leverage member rockably sup-
ported, to which said cylinder hanging said body to 40
be carried is attached, wherein the pressure in said
control passage is adjusted by having the working
force in said reaction force chamber operate on the
leverage member to a direction counteracting the
weight of the body to be carried, and also by open- 45
ing and closing said control valve as a result of a
rock of the leverage member.

3. The air balancing device as set forth in claim 1 or

2, further comprising a biasing member whichis bal- 50
anced with the weight of said cylinder.
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